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ABSTRACT By the method of composite electrodeposition, the Ni/ZrO4 gradient deposit with
continuous distribution of ZrO; content from 0 to 21% was prepared at a constant current density.
X-ray diffraction (XRD) patterns of the gradient deposit show that the Ni and ZrO;, particle diffraction
peaks appear at their own given angles respectively, independent of each other. The intensities of
the ZrO; diffraction peaks increase with the increase of ZrO, content in the deposit. Furthermore,
the toughness of graded Ni/ZrO; deposit was studied by the impingement test. In the adjacent to
the substrate, the material has good plastic deformation, which exhibits a high degree of toughness.
With the increase of the deposit thickness, the toughness of the middle zone of the fracture decreases.
The outer fracture adjacent to the deposit surface shows that the toughness of the deposit surface is
lowest at the surface. Thus, the toughness of graded Ni/ZrOg increases gradually from the surface to
the matrix, and its malleability is 2.5 times as much as that of the composite coating because of the
gradient distribution of toughness.
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coatings

* ERERMFEETYIME 59671058, 2002 4 11 A 22 HKSWIM; 2003 4 5 F 30 HUKEIHEU.
ARAN: hRW, B KT 300072, REALATHK




506 T R S S 178

AR R BRI IENE SR E R E MR E R — SRRk U i TFie
NETETE B R, FEMRNIS KITRNBRAM T AN RS SERTEBOR. ThEE
B EEATEL (Functionally Gradient Material, fii#8 FGM) B—Migit B SRS ARANER
HRAE, HERNAREHAEINE, S4RER, MEKREMBERRESTL, TH
BB S, BERBEMONEERAER 2. FGM MR H & EREA M A (PVD
1 CVD) . RFHF. SEFHIEMESESEAR (SHS) HAR% ), HERFENFHEE
SWRGME. ASCRAE A RIS & Ni/Zr0, BEThRESDEL, MERRMEM—ikib, B
BB, NAEBREHARREN. ’

1 & B F &

R Watt SE40RW, 5 pH {E% 3.5, AN 50 C, HIHSEER 1200 r/min, HFHE
% 2 A-dm~2. ZEME B MEEE SCI BB KR T Ze0, KL (T39RLRN 1 um) RSB 0 82
BE 200 g/L, H&H Ni/Zr0, BEHE. BESHEEBAHEMER LT, HESOR [1] T8
TR ZrO, MR ERBEFHES &'

H Ni/ZrO, BB B IErh T 0 L1, WEE SEKRHERERBZ MK 4 FIME Stere-
oscan200 FH U THTE EWIE AN DB SINEE, HBRITHAT R TR RIEWT ORTESR
ERARSZEEETE 19 I H A% D/max-RB & X HEME UM EREH. KA
PR A T LI B R I R A (M.

2 &£ B 5 i i

2.1 BEHEBHEERRIIRELIR

£ Ni/ZtO, BEHRE+, WEEERFE WHEL), Zr0: WERZHHNS, ERESH
(B 1, & 2). EEAREOERF, MENSES, BN SFROE. EELHNBHFEET,
TE AR R PR B AR ORI 2, RORIFEAN R LERR. Fril, MEEBT 20,
HoR AR, WERAKITA, MRS RBANER. BE 3 UES, HEEEREE
P, RET Zr0; BRI
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Fig.1 Section photo of Ni/ZrO; gradient de- Fig.2 Variation of ZrO;z content in Ni/ZrO»

posit (black dot: ZrO2 particles) gradient deposit
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3 Ni/ZrO,

BERRRESR

Fig.3 SEM photos of Ni/ZrO; graded deposit (a) secondary electron image, (b) backscattering

electron image

2.2 Ni/ZrO; BERENEHN

B 4 Ni/ZrO, #EFZWH + 5 FAR
R AL IR X- STEATSTIE . MRYE Bragg 77
& A=2dsinf T+ HBEEIE d(& 1), HH A K
ANGTHRIB, 6 AASA M mE 1A,
1#~54 B2 3 A IRIG A & T W BE S ARER
3 SR UEH) ST RIEEY) & RRAT. 4RKRH, &
#HEREEY ZrO; OB MIBZR, HRUEER SR
Ni RS, BEEENEMRR N O
T8

AR ZrO, ) XRD FRuE R s ]
0, 7E Ni/ZrO, BEEEF, Nifl ZrO; £H
FEFFRE B M B BUHAT SR AE NS, EATIE.

281(°

4 Ni/ZrO; BEEREN X- HLRMHEH

Fig.4 XRD patterns of the Ni/ZrO, gradient

% 2 WK, 1#~5% GURM XRD [, deposit
| 1 Ni fll 1#~54 GERH G HE
Table 1 Lattice spacing d of Ni and 1# ~5% deposits
Lattice spacing d(10~1%m)
hkl Ni 1# 2# 3# 4# 5#

(111) 2.034 2.0346 2.034 2.037 2.036 2.037

(200) 1.762 1.7620 1.763 1.763 1.764 1.763

(220) 1.246 1.2466 1.247 1.246 1.246 1.248
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FE 20 Ky 25.48°, 28.16°, 31.42° Fl 34.30° AbHHL ZrO, WIATHIAFIEIEE, HIEHHZE KA

mn, ZrO, ERMTEA, MHIEMIREZAIEE, NNEEREEMETHME, #EF 210,
TRZEHHM, ESESMN, XSEEMEEERI TSR B

F 2 HEP ZrO; HSHHFEEARE
Table 2 Intensities of different diffraction peaks for ZrO2 in XRD patterns of deposits

No. Thickness of the deposit Intensity

/pm 20=28.16° 20=31.42° 20=34.30°
1# 29 0 0 0
2# 82 1380 1246 880
3# 146 2240 1673 1213
44 210 2780 2193 1345
54 286 3373 2213 1358

2.3 BEHEEIHIMEFIERYE

EREEEATE —ERENSRER, HERERENIKR, ERNHES (& 5). 85
A, ABARIR, B BB R A R AT —ZrO, kL, BDEWTRIE. PrLh, EHEHE
WL E SERWF L, HEaEERYT. MERET 2r0: KTHZEHESL, ZrO: fF
HE AR FEDSHHTEEBRRBREEWIEMN. & 2r0; S&RMF L, ESNHEMT
FEAEMILMIRE, ROY RREEIFLAMR (K 5b). Wi Zr0, FEED, Ni §&E, ##o

5 Ni/ZrO; $EHZ RN O
Fig.5 Fracture analysis of graded Ni/ZrO2 deposit (a) adjacent to the substrate, (b) the middle

zone, (c) the middle zone, (d) adjacent to the deposit surface
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THIES, HER, BEUEY. WE T UBBEER Zr0;, ik, ZrO, AWIRIE. HEF ZrO,
EEBRTE RN, WOFEERERD, HBFERE (B 5c), RERBIETRE. X4

FEERER BN, ZrO, FEHEE, BrO Zro,
MR B L, HEARRE, BEXTHER
it (B 5d). Hit, HERETHERE. TR,

#+& 3 Ni/ZrO; ERMERNE
Table 3 Malleability test of different Ni/ZrO,

Ni/ZrO, BB R H ¥ B S0 2 B s, deposits

%ﬁgﬁﬁ Sample Bending time
%% 3 %%Eﬁ, Ni/21.3% ZrO, Eéﬁ%ﬁ% Ni deposit 12

YR, NAREZEM 1/6. Ni/Zr0, BEEE Ni/21.3%ZrO 2

MRS A RRIER 25 F, MRMTH  _N/0o2NmOFeM s

HEERE ARG

3 & 174

BARBER D 200, FRIABHBTR T LR, BBHEL 200, WER (KRS¥) &

05 21% Z M #ELLALH) Ni/ZrO, BEHEIZ.  Ni Ml ZrO, TEHFE 89 A 207 th BUEAT 1R
W, EARRW. Ni/ZrO, HEFBMEERINENZEE M, EBEDIT.
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